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Compatibility of repair mortars in 
restoration projects
Performance requirements for repair mortars
• Authenticity
• Reversibility
• Compatibility
• Retreatability
• Durability
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 Directs the intervention 
decisions towards the 
concept of suitable 
preservation.
 Defines the boundaries 
of functional and technical 
requirements that will limit 
the impact of intervention.
Compatibility requirements for repair mortars 
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Repair mortar design & application
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Collecting historic 
mortar samples 
Mortar application 
by contractor 
Overall judgment of 
the repair mortar
Only visual 
inspection on site
No quantitative 
verification
Compatibility 
achieved?
Characterization 
of historic mortar
Proposal of a repair 
mortar recipe
Research questions
• What type of compatibility is to be aimed at? 
• How does it relate to the pre-investigation 
required and performed? 
• To what extent a compatible mortar recipe can 
be proposed? 
• Which analytical tools can be used and can 
deliver additional and valuable information?
• Is compatibility achieved? 
• How is it experienced by all parties involved 
within the restoration project?
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Methodology
• Visual analysis
– On-site visual investigation 
– Documentation with colour scale to define colour, 
texture and surface finishing properties
– Stereo microscope investigation
• Physical characterization 
– Porosity properties
• Total porosity, open porosity and apparent density
– Particle size distribution of the sand fraction
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Methodology
• Chemical characterization 
– Wet chemical analysis
• soluble SiO2, insoluble residue, CO2 and cementation index 
(C.I.), hydraulicity index (H.I.) 
– X-ray fluorescence (XRF)
• Mineralogical analysis 
– X-ray diffraction (XRD)
– Thermal analysis (TGA) of the finest fraction (<80 μm) 
• Mechanical properties
– Surface hardness via pendulum hammer
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Case study - Church of Our Lady, Tongeren 
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grave
T1
T2
T3
T4
T5
T6
T7 T8 + T9 • Roman civilization (1st
century BC) and traces 
of Middle ages.
• Archeological 
excavations up to a 
depth of 3 m to open the 
site to the public. 
• T3 (original brick laying 
mortar) 
• T4 (repair brick laying 
mortar)
Case study - Castle ruins Pietersheim  
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Defense wall
• 2th century
• 16th century defence 
walls (2.0m) out of a 
thick core infill mortar 
with and a thin outer 
parament of limestone 
(thickness: 15-30 cm)
• L2 and L3 during first 
phase restoration
• L4 and L6 during second 
phase restoration
Case study - Abbey of Herkenrode
• 12th century
• Since 2003 stability and 
a historical value 
assessment. 
• Current use of the old 
farmhouses of the abbey 
as a recreational site.
• Repiar mortars collected 
from abbey barn (H1), 
stables (H2) and porter’s 
lodge (H3)
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Abbey barn
Stables
Porter House
Entrance gate
H1
H2
H3
Mortar composition Original 
mortar (T3) 
Repair mortar (T4) 
Wet chemical XRF 
(rescaled) 
XRF 
(detected) 
Loss at ignition 540°C (m%) 
Loss at ignition 1050°C (m%) 
Insoluble part (m%) 
Soluble SiO2 (m%) 
CaO (m%) 
MgO (m%) 
Fe2O3 (m%) 
Al2O3 (m%) 
SO3 (m%) 
Remaining-undetermined 
3.53 
11.92 
72.40 (73.8) 
1.50 (1.5) 
10.65 (15.8) 
0.27 
0.06 
0.60 
0.48 (0.2) 
2.95 
3.58 
25.82 
27.46 
5.24 
38.57 
0.06 
0.24 
0.62 
0.98 
1.01 
/ 
/ 
/ 
25.96 
65.00 
0.57 
2.37 
2.97 
0.91 
2.21 
/ 
/ 
/ 
19.24 
48.17 
0.42 
1.76 
2.20 
0.67 
1.64 
Sum (%) 100 100 100 74.1 
CO2 (m%) 9.49 21.89 XRF: 74.1m% above 
detection level. These values are 
automatically rescaled to 
100m% by the software. 
Dry Density(kg/dm³) 1.428 1.503 
Binder/aggregate-ratio 0.38 2.64 
Hydraulicity index 
Cementation index 
0.20 
0.44 
0.15 
0.40 
Open/total porosity (v%) 45 42 
 
Mortar characterization T3 & T4  
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From characterization towards compatibility
T3 & T4
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Original mortar composition T3 (Laboratory analysis)
Lime (m%) : 15.20
Sand (m%) : 72.40 
Pozzolanic material (m%) :   2.66
Prescribed repair mortar recipe (Restoration architect)
1 volume of wrotten lime putty
2 volume pozzolanic brick powder and aggregates (<6mm)
0.5 volume quartz sand (<0.5mm)
2.5 volume
1 volume
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Obtained repair mortar recipe T4 (Laboratory analysis)
Sand (m%) : 27.46
Lime (m%) : -
Pozzolanic material (m%) :
Applied repair mortar recipe T4 (Contractor)
1 volume of lime putty
0.5 volume W50 sand
0.5 volume pozzolanic brick powder 
0.25 volume brick dust (1-5 mm)
1 volume Oolitic fine Bath limestone powder (<1mm) 
0.25 volume chalk (<5mm) 
From characterization towards compatibility
T3 & T4
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T3 and T4 
Applied repair mortar is a complex 
composition and optimized for 
aesthetical compatibility.
Original
Repair
From characterization towards compatibility
T3 & T4
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From characterization towards compatibility
L2, L3, L4 & L6
Original mortar composition (Laboratory analysis)
Lime (m%) : 11.00
Sand (m%) : 86.42 
Pozzolanic material (m%) :   2.00
Prescribed repair mortar recipe (Restoration architect)
4 volume part white sand
2 volume parts yellow sand Cantillana
1 volume part white cement
1 volume part shell sand
8 volume parts rolled gravel (0/7)
8IMC: Compatibility of repair mortars in restoration projects
Authors: Schueremans, L.; Van Balen, K.; Cizer, Ö.; Janssens, E.; Serré, G.; et al. 16/xx
From characterization towards compatibility
L2, L3, L4 & L6
Repair mortar composition (Laboratory analysis)
L2 L3 L4 L6
Lime (m%) 17.80 17.28 8.02 14.18
Sand (m%) 76.46 76.37 73.46 82.30
Cement (m%) - - 12.33 -
• Mortar recipes were altered during the 
application to get a better aesthetic compatibility 
with the original mortar and workability.
• Optimal composition prescribed in the 2nd phase 
by the contractor and restoration architect.
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From characterization towards compatibility
H1, H2 & H3
Original mortar composition (Laboratory analysis)
Stables Lodge 
Lime (m%) 25.6 22.1
Sand (m%) 59.61 65.14
Prescribed repair mortar recipe (Restoration architect)
3 mass parts sand
1 mass part of binder (1/3 mass parts of cement and 2/3 
mass parts of lime)
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From characterization towards compatibility
H1, H2 & H3
Repair mortar composition (Laboratory analysis)
H1 H2 H3
Lime (m%) 9.64 7.13 4.74
Sand (m%) 85.77 75.88 77.87
Cement (%) - 7.02 7.21
• Although original mortars are pure lime mortars, 
the repair mortars contain cement (1/3rd) to get 
faster hardening and initial strength. 
• Different repair mortar compositions due to 
different contractors. 
Mineral composition by XRD
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Mortar ID Calcite Quartz Portlandite Bassanite
T3 +++ +++ - -
T4 +++ ++ +
H2 +++ ++ - +
L3 +++ ++ + -
L4 ++ +++ + +
Calcite: CaCO3; Quartz: SiO2; Portlandite: Ca(OH)2; Bassanite: 
CaSO4.1/2 H2O
+++: dominantly present; ++: present; +: traces; -: not detected
XRD gives additional information on the 
crystalline mineral phases related to the binder.
Thermal analysis (TGA)
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Mortar ID Ca(OH)2
(%)
CaCO3
(%)
CO2
(%)
Hydration 
degree 
(%)
T3 0.00 21.65 9.52 4.39
T4 2.07 60.99 26.83 5.58
H2 0.00 30.27 13.32 19.45
L3 0.00 57.71 25.39 9.29
L4 5.60 35.86 15.78 9.04
TGA gives additional information on the degree 
of hydration and carbonation reactions giving 
evidence on the type of binder.
Conclusions 
• From the analytical tests performed:
– In wet chemical analysis, a high CaO and low 
insoluble parts indicate possible presence of 
limestone aggregates. Verification by particle 
size distribution of aggregates before and after 
HCl attack.
– Discrepancy between wet chemical analysis 
and XRF.
– XRD and TGA provides additional information 
on the mineral phases, giving evidence on the 
type of binder.
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Conclusions 
• From compatibility point of view:
– Aesthetical/chemical/mineralogical 
compatibility is the main aspect for the 
laboratory/academic research.
– Restoration architects are interested mainly in 
the aesthetical aspects. 
– Compatibility and authenticity aspects can be 
compromised by the restoration architect and 
by the contractor with the concern of achieving 
faster hardening reactions by introducing 
cement into the binder composition.
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Conclusions 
• Actual composition of the repair mortar 
used depends on the building contractor 
assigned in the restoration project.
• Transition from mass to volume parts 
based on overall bulk densities of the 
constituents.
• Skilled workmanship as a technical input is 
not considered in restoration works but is 
essential in the formulation and application 
of the repair mortars. 
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